Abstract
Introduction
An association of alcohol consumption and coronary artery disease (CAD) has been suggested [1, 2] . Gene polymorphisms of key enzymes in alcohol metabolism, including alcohol dehydrogenase 3 (ADH3) and aldehyde dehydrogenase 2 (ALDH2), could be implicated in the association of alcohol consumption and CAD [3] [4] [5] [6] . The ADH3 gene polymorphism, common in Caucasian populations, was found to be involved in the association of alcohol consumption and myocardial infarction (MI) [6] . The Glu504Lys single nucleotide polymorphism in the ALDH2 gene exists mainly in East Asians. Between 30% and 50% of East Asians (or 6% the world's population) carry the mutant allele of ALDH2 [7] [8] [9] . Recently, cross-sectional studies in East Asia, including our pilot study, demonstrated a higher prevalence of the ALDH2 Glu504Lys mutant in patients with MI than in control populations [3] [4] [5] . An in vitro study showed that ALDH2 derived from the wild type and mutant types had different activities and thus notably different effects on the extent of myocardial necrosis in acute MI [7] . These findings suggest that the ALDH2 Glu504Lys polymorphism may play a functional role in CAD. However, the association of ALDH2 Glu504Lys polymorphism and acute coronary syndrome (ACS) [10, 11] . The mutant ALDH2*2 is involved in the transformation from nitroglycerin to nitric oxide, which plays a key role in nitroglycerin tolerance among Asian patients with CAD [10] . A study in a canine model also showed that different ALDH2 genotypes could influence coronary artery dilatation triggered by nitroglycerin [11] . These studies suggest that ALDH2 could influence coronary spasmassociated ACS. In addition, level of high-sensitivity C-reactive protein (hs-CRP), a classical inflammatory biomarker and number of circulating endothelial progenitor cells (EPCs) are associated with vulnerable plaque which has been recognized as a fundamental mechanism of ACS [12] [13] [14] .
In this study, we first investigated the association of the ALDH2 polymorphism and ACS in Han Chinese. We then studied whether the association is related to alcohol consumption, vasodilatation, level of hs-CRP and number of circulating EPCs, which could be the mediating mechanism for the association. 
Materials and methods

Study protocol
Alcohol consumption
The frequency of drinking (drinking days per week) and the average daily alcohol consumption were evaluated as previously described [6, 15] 
ALDH2 genotyping
The ALDH2 polymorphism was detected as we described previously [3] [3] . [16] .
Brachial artery vasodilatation
With the patient in a supine position, the diameters of the brachial arteries at rest (baseline) and in response to reactive hyperemia (FMD) and sublingual administration e.g. of nitroglycerin (NMD) were measured using a high-frequency probe (S12). The measurements were repeated for three times under each experimental condition and the values were averaged. The percentage increase of the brachial arterial diameters from the baseline value to the value measured at the peak of reactive hyperemia and to the value measured at the peak of nitroglycerin-induced vasodilation was taken as FMD and NMD, respectively.
Inflammatory biomarkers in ACS and control subjects
In all ACS and control subjects, serum hs-CRP levels were measured by experts blinded to the study protocol using high-sensitivity latex-enhanced immunonephelometry with a commercial kit as described previously [17] . 
Number of circulating EPCs in patients with primary STEMI
ALDH2 polymorphism and artery vasodilatation
ALDH2 polymorphism and Hs-CRP level
Subjects with the ALDH2 mutant genotypes had higher hs-CRP levels than did those with the wild-type genotype, whether ACS patients or controls (Fig. 1) [5, 8, [18] [19] [20] [5] . Our previous pilot study and a study in Korea showed similar results [3, 4] . However, the association of ALDH2 Glu504Lys polymorphism and the occurrence of ACS had never been studied in Han Chinese. In this study, we found that ALDH2 mutation was an independent genetic risk factor for ACS in Han Chinese, and a similar result was revealed in a subgroup analysis of patients with primary STEMI. Our findings further confirm the association of ALDH2 polymorphism with MI found in East Asians and suggest an important effect of this polymorphism on the progress of CAD [3] [4] [5] .
ALDH2 polymorphism and number of circulating EPCs
Discussion
The major finding of this study was that ALDH2 Glu504Lys polymorphism was significantly associated with ACS in Han Chinese and ALDH2 mutant genotypes (*1/*2 and *2/*2) were independent genetic risk factors for ACS. Another important finding was that the ALDH2 mutant was associated with level of hs-CRP and number of circulating EPCs and inclusion of hs-CRP level and number of circulating EPCs as independent variables in the regression model weakened the association of ALDH2 and ACS, suggesting
ALDH2 is a key enzyme of alcohol metabolism. [2] . Therefore, the ALDH2 gene may influence the habit of alcohol consumption and thus the progression of cardiovascular disease. In this study, alcohol consumption was significantly lower in mutant than wild-type cases for both patients and controls, which is consistent with other studies in Chinese [8, 18, 21] . Moreover, with alcohol consumption included [12] [13] [14] . This hypothesis is further supported by recent reports showing that ALDH2 activities with different ALDH2 genotypes had different impacts on oxidative stress and subsequent inflammation [7, [23] [24] [25] 
